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Abstract  
In this work we present the operation principle as well as the preliminary experimental results of a new type of micro 
size multicore fiber that enables imaging through drilled phantoms. Imaging of a manipulated micro wire through a 
drilled phantom is presented. Superresolution technique for enhancing the resolution of the constructed image is also 
presented.  
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1. Introduction  
Endoscopes are one of common medical instrumentations to perform medical examination as well as 
treatment of hollow organs. There are two main types of endoscopes - flexible endoscopes and rigid 
endoscopes. The flexible endoscopes in turn can be either fiber based or videoscopes. The flexible fiber 
based endoscopes are constructed from a bundle of single or multimode fibers to insert inside the patient 
while the imaging camera is located outside [1,2]. In rigid videoendoscopes the camera is going directly 
inside the patient’s body [3,4]. The main disadvantages of rigid endoscope are related to the fact that their 
external diameter is relatively large i.e. a few millimeters, and the endoscope body is not flexible, thus 
they are less adaptive for navigation.  
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In this paper we present a new type of a micro probe consisting of multiple core fiber that may 
facilitate high resolution imaging capabilities. The main advantages of the suggested micro probe are 
related to the fact that its external diameter can be relatively small, around 200μm while providing high 
resolution imaging up to 5,000 pixels[5]. Applying a super-resolution technology [6], the resolution can 
be further enhanced by at least an order of magnitude. 
Such a micro probe can be used for examination of brain tissue or blood vessels. Figure 1 demonstrates 
a microscope image of an edge of the probe containing 5000 cores. In this image, thousands of individual 
light channels (cores) transmitting spatial information at wavelength of 632nm, can be observed. Each 
channel is basically a different pixel in the image constructed. Since each channel is rather a single mode 
than a multi-mode fiber, the generated image is practically insensitive to bending of the fiber.  
 
 
Fig. 1. Microscope image of the edge of the fabricated micro probe having approximately 5,000 optical cores zoomed in (very 
right image) 
2. Experimental results 
The images of a micro wire inside a channel drilled in a light scattering phantom mimicking human 
skin were collected. The experiments were performed using a micro probe prototype with external 
diameter of 200μm. Figure 2(a) presents the fabricated phantom having two drilled channels with 
diameter of 400μm each. One longitudinal channel (along the x axis) was drilled from one to the other 
side of the phantom while another angled channel was made making both channel crossed inside the 
phantom.  The openings indicated as “in” and “out” formed a flow through system connected with a 
syringe (Desoi GmbH, Gemany) at the entrance (“in”). Figure 2(b) shows a cross-sectional schematic 
view of the fabricated phantom. Syringe needles (19G) were inserted into the openings in the phantom.  
A micro wire (stainless steel, 150 micron) imitating a partial blocking of a blood vessel, was inserted 
onto the “in” opening. A mixture of 1 % intralipid (IL) and 5 % human hemoglobin (Aldrich Sigma, 
Germany) and 94% water (imitating human blood) was used as a flow solution flowing through the 
channels. The other opening (“out”) was employed to slide the multicore micro probe inside the phantom 
to make the microprobe face the micro wire.  
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Fig. 2.  (a) phantom configuration fabricated phantom having two drilled channels at diameter of 400 μm; (b) cross-sectional view 
of the channels inside the phantom 
Figure 3 presents images of the manipulated micro wire obtained by facing the micro probe inside the 
channels filled by hemoglobin mixture. Figures 3(a) and 3(b) show different orientation as well as 
positions of the micro wire being marked in the figure by several solid arrows. These images validate the 
circular shape of the micro wire.  
 
 
Fig. 3.  Imaging of a manipulated micro wire (indicated by the solid arrows) inside an hemoglobin mixture. (a) and (b) the imaged 
micro wire at different orientation and positions 
3. Super Resolution  
The aforementioned micro probe has an initial resolution of about 5,000 pixels without elaborating any 
super resolution techniques that may further enhance the obtainable resolution by approximately 
additional order of magnitude. The most common super resolution techniques are based on multi-frame 
approach, whereas the idea is to use information from a set of images captured from different orientations 
in order to reconstruct one high resolution image. Several super resolution techniques can be employed in 
order to enhance and to overcome two different types of limitations that lead to image blurring.  
The two types of limitations are related to the geometrical resolution related to the imaging sensors as 
well as to limitations that are related to the diffraction phenomena of the light that propagates from the 
sample towards the micro probe.  
The spatial resolution due to diffraction is determined by the Rayleigh criterion and can be described by: 
20 μm 20 μm 
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= 1.22         (1) 
 
Where, f D is the diameter of 
the micro probe. 
A reduction in the diffraction resolution takes place when the object is relatively far away from the 
input plane of the micro probe. In addition, sampling in the Fourier plane yielding replications in the 
image plane which may occur since the micro probe is being constructed from multiple cores. The 
conditions for the replication is that the tip of the probe is positioned in the far field region in respect to 
the inspected object. The far field approximation occurs when:  
 
<       (2) 
 
Where, 0 is the diameter of the illumination spot and U is the distance between the object and the 
input plane of the micro probe. In order not to lose spatial frequencies one also need that the spatial 
spectrum of the object will be captured by the diameter of the probe: 
 
      (3) 
 
Where d is the smallest feature in the object imaged by the micro probe. The sampling of the spectrum 
by the cores of the probe will generate replications in the image plane yielding eventually limitation for 
the observable field of view.  
In Figure 4 we present imaging, done by the micro probe, of a resolution target made from two 
rectangular bars. In Figure 4(a) we present the object while being in focus. Figure 4(b) presents imaging 
of the object while the micro probe was located 1mm above the object. Figure 4(c) presents imaging of 
the object while the distance between the probe and the target was still 1 mm and after adjusting the 
position of the objective lens (positioned near the camera) with respect to the output plane of the micro 
probe (The experimental setup included the resolution target being illuminated by the probe. The reflected 
light collected by the probe. The light that is output from the probe is propagated through free space then 
through an objective lens, free space again and then captured by a CCD). One may see that by changing 
the relative position of only the objective lens, a generation of a focused image can occur, although the 
micro probe is relatively far from the object (resolution target in our case). 
 
Fig. 4.  Imaging of a resolution target using the micro probe: (a) resolution target in focus; (b) imaging of the resolution target from 
a distance of 1mm; (c) imaging of the resolution target while adjusting the position of the objective lens with respect to the 
output plane of the micro probe 
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Conclusions 
In the experimental results we were able to obtain images of a manipulated micro wire inside different 
mixtures inside channels in the phantom mimicking human skin in terms of optical properties such as 
absorption, scattering coefficients and phase function of scattering (anisotropy factor). The micro wire is 
imitating a partial block of a blood vessel. The experimental results were carried out using a micro probe 
prototype having external diameter of 200μm providing image resolution of 5,000 pixels. In addition, 
super resolution technique for enhancing the resolution of the images captured by the micro probe has 
been demonstrated. 
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